epidemics, vegetation invaded abandoned fields and restabilized slopes. Only then did the Spanish flocks and herds expand; through the use of conservationist management practices such as transhumance, overgrazing rarely occurred. Livestock, from that perspective, remains innocent of any immediate, widespread degradational effect on the environment beyond influencing vegetation composition (that is, the particular species involved as opposed to the vegetation type, be it woodland or grassland). Later environmental depredations of the nineteenth and twentieth centuries have resulted from increasing integration into the global economy rather than from the sixteenth-century diffusion of traditional Iberian pastoralism.2
On both sides of this controversy, the most convincing conclusions derive from quantitative data rather than from the anecdotal comments of sixteenth-century observers, environmental degradation being a slippery and equivocal concept. The voluminous, systematic records of the colonial administration invite such quantitative analysis: calculation of changes in livestock density in space and time for correlation with archival and field evidence of environmental stability or degradation. The primary database consists of the volumes in the Mercedes and Tierras sections of the Archivo General de la Nacion in Mexico City. The Kraus Collection at the Library of Congress and the Ayer Collection of the Newberry Library each contain an additional volume of mercedes, the viceregal land grants awarded to cattle and sheep ranchers. Those volumes primarily contain grants for farmland and estancias, the livestock ranches, but also hold papers for building lots and other land uses. The grants specify the date of the award, the awardee, the location, the number of land units, and whether the land units were for ganado mayor or ganado menor. As progressively specified in a series of viceregal ordinances beginning in 1536, ganado mayor grants implied cattle, unless specified for other large livestock such as horses or mules; they encompassed a legal area of 1,747 hectares, and beginning in the early 156os, a minimum stocking rate of 5oo head. Ganado menor grants implied sheep, unless specified for other small livestock such as goats or pigs; they encompassed a legal area of 776 hectares and a minimum stocking rate of 2,000 head.3 This database, although enticing, does not readily yield a quantitative analysis of livestock densities without first confronting three confounding methodological issues: determination of the number of estancias granted in any particular region, determination of the areas of those estancias in hectares, and determination of the number of livestock grazing those estancias, and consequently the regional livestock density in number of head per hectare. The extant estancia grants might represent only a fraction of the total number that the scribes originally recorded in the viceregal register. The volumes of mercedes roughly span the first century of colonization and contain some ten thousand land grants. While informal granting by local officials began during the 1520S and formal granting by the first viceroy followed in the 1530s, viceregal scribes did not begin registering the grants until 154:, more than two decades after the introduction of livestock; within a century, land granting had virtually ceased. Six further lacunae, totaling thirteen years, occur after 1 42. In addition to missing years, several other factors complicate any analysis of the mercedes records. First, the simultaneous use of several register volumes might not necessarily indicate complete preservation. Within the Marquesado del Valle, Hernando Cortes and his heirs, rather than the viceroys, made grants (actually perpetual leases) which do not appear in the mercedes records. Second, the actual areas of the estancia grants might not have encompassed the stipulated 1,747 hectares for cattle and 776 hectares for sheep. Viceregal ordinances clearly specify squares with a north-south orientation, one league on a side for cattle and onethird of a league on a side for sheep. Yet, because those same ordinances stipulate that estancias must be one league apart for cattle and one-half league apart for sheep, Lesley Byrd Simpson infers that "each estancia was surrounded by a belt of open land at least double the size of the piece granted." While that stipulation might refer to the distance between the headquarters of each estancia (ideally located at the center of each grant), making no provision for a buffer space between neighboring ranches, the rudimentary state of surveying meant that the actual estancias could have only approximated legal guidelines. Third, the actual stocking rates might have exceeded the levels stipulated in the mercedes from the 156os onward. Those rates established a minimum number to "prove up" a grant, to borrow the jargon of another frontier, rather than a prescribed maximum. Even more troublesome, high livestock densities do not necessarily equate with overstocking, which implies exceeding the sustainable stocking rate to the point of overgrazing and destruction of the range. Since different environments and management practices have a wide range of sustainable stocking rates, or "carrying capacitres," and since the Spaniards had long experience in the use of transhumance to mitigate the effects of high livestock densities in similar Iberian environments, any analysis of livestock densities should include both environmental and cultural contexts.4
Although he did confront them, Simpson failed to resolve these three issues in his seminal quantitative analysis of livestock densities and environmental change in New Spain, an ecological complement to FranVois Chevalier's contemporaneous socioeconomic study. Subsequent works have not resolved these methodological problems or the controversy over the environmental effects of livestock. As a recent and prominent example of that controversy, Elinor Melville posits that a "plague of sheep" descended on the sixteenth-century Valle del Mezquital and wreaked environmental havoc. In contrast, Karl and Elisabeth Butzer argue for much lower livestock densities and a lack of environmental degradation until much later in the colonial period, even while relying on the same database of land grants as Melville. A test of a cartographic method applied to similar data from the tropical lowlands fronting the Gulf of Mexico suggests a partial resolution to all three methodological issues and contributes to a better understanding of the effects of livestock on a particularly relevant environment. While mapping of the land grants tentatively resolves the first two issues, this study focuses on how such mapping also facilitates comparison between sixteenth-century livestock densities and those derived from the first Mexican livestock census, taken in 1902. The resulting spatial perspective permnits an evaluation of livestock densities relative to range carry-ing capacity and management practice, effectively placing the livestock invasion in its environmental and cultural contexts.5
Archive, Map, and Landscape
The Gulf Coast lowlands near the port of Veracruz bore the initial brunt of the Spanish invasion, the epidemics, and the livestock; few environments have more relevance for understanding the archetypal ecological consequences of the introduction of livestock into New Spain and the Neotropics. The region encompasses the coastal plain and piedmont, stretching from the Gulf to the 5oo-meter contour, an elevation the inhabitants associate with the transition to the more temperate escarpment of the Sierra Madre Oriental. To the north and south, transitions to humid climates bound these subhumid lowlands. Gregorio de Villalobos introduced cattle, the first in New Spain, and a transhumant herding ecology around 1521. By the end of the sixteenth century, the Veracruz district had become the quintessential pastoral landscape of New Spain: vast herds of cattle grazed the coastal plain, while transhumant flocks of sheep from the highlands wintered in the dunes and on the piedmont. Despite the district's prominence in the livestock economy and relevance to environmental history, the research record pertaining to the colonial upheaval in these lowlands remains inexplicably brief.6
Mapping land grants facilitates a quantitative, spatial perspective on that dramatic landscape transformation and an evaluation of the relationship between livestock densities and environmental effects (Figure 1 ). Seven partial listings of land grants allowed the recovery of documentation for 228 estancias, with four additional estancias recovered from information contained in documentation for neighboring grants. Mapping the locations of those grants entails several preliminary operations: paleographic transcription, orthographic and terminological interpretation, and paleotoponym reconstruction. Most essentially, localizing individual grants with acceptable precision requires spatially reconciling the overall granting pattern. The precision of localization varies from grant to grant. At one extreme, locational details-including boundaries, extant toponyms, and associated maps-facilitate a precision of ?2 kilometers. At the other extreme, generic descriptions, lack of extant toponym and landscape referents, and lack of maps lowers precision to ?1o kilometers. Overall, the more precise localizations establish a series of interconnected grids that more closely define the locations of problematic grants. The end result is a fair conceptual representation of the spacetime patterning of land granting, and not (by any methodological sleight of hand) a cadastral map.7
The series of synoptic maps demonstrates that the lacunae in the mercedes register represent the actual rhythm of the granting process, a function of changing political and economic context rather than an artifact of missing documents ( The many references to stocking rates that exceed the legal minimum, sometimes by an order of magnitude, suggest a major flaw in that procedure and have prompted a methodological alternative. Melville-scouring documents related to wills, court cases, censuses, and especially native complaints against Spanish ranchers-notes scattered references to livestock numbers, extrapolates those numbers to the entire Valle del Mezquital, and calculates livestock densities for ten subregions. The Veracruz region, in contrast, because of rapid and extreme native depopulation typical of the lowlands, lacks such records of native litigation against ranchers. Instead, a single observation made by the district's alcalde mayor, the ranking crown official, in a geographical report of 1580 provides a gross estimate: 150,000 cows and mares, undoubtedly brood mares to provide mules for the port traffic, grazed within little more than seven leagues of Veracruz, and "innumerable sheep" descended from the highlands to overwinter. Since no precise jurisdictional boundaries existed, and since this particular alcalde mayor displayed a tendency to progressively shorten leagues with increasing distance from his desk, as evident from locational references to several settlements, the exact area of his purview remains uncertain. An analysis of the offices of grant inspectors provides a rough delineation, revealing that the jurisdiction included the entire region exclusive of the southwest quadrant (those grants being inspected out of Santiago Huatusco). By the end of the 1570s, the alcalde mayor's purview included 57 cattle estancias and 8 sheep estancias. On the basis of the minimum stocking rates, those grants represented 28,500 cattle and horses and i6,ooo sheep. Even allowing for additional head grazing on leases in the two enclaves of the Marquesado, for a few missing mercedes, and for some exaggeration on the part of the alcalde mayor, 28,500 remains far below 150,000, and 16 The first Mexican livestock census provides relatively accurate, high resolution data for the environs of Veracruz in the early twentieth century, an environmental and cultural context quite similar to the colonial study region and therefore the most appropriate analog. At the time of the 1902 census, during the last decade of the Porfiriato, the study region's livestock economy prospered by focusing on beef production for urban markets. Sheep production had declined with the liberalization of international trade and competition from imported textiles. Otherwise, the pastoral ecology remained similar to that of the colonial period, albeit with several major adjustments-the improvement of transportation infrastructure, the nineteenth-century introduction of more productive and palatable African grasses, and the initial replacement of criollo stock with specialized breeds. The rural population was beginning to rise from its colonial nadir, but it remained relatively low until after the impending revolution, subsequent agrarian reform, and agricultural intensification on the basis of irrigation projects. In this context, the livestock densities of 1902 The 1902 data aggregate at the municipal level, dictating the maximum scale of analysis. In comparison to the 5,25o-square-kilometer study region, the included municipalities have a combined area of 4,814 square kilometers. Several of the municipalities extend minimally beyond the study region; several other municipalities only slightly impinge on its margins and do not warrant inclusion. Because the entire area of each municipality does not comprise pasture, and because the calculations assume grazing throughout the entire area rather than on the granted estancias alone, the statistics inescapably underestimate the livestock densities for pasture lands. That bias probably yields a somewhat low density for such mountainous municipalities as Actopan relative to such floodplain municipalities as Jamapa, but the primary goal remains an evaluation of the 1619 densities through comparison with the analogous pastroecosystem of 1902, not an explanation of differences among municipalities except as that issue relates to the primary goal. The assumption that livestock grazed throughout the entire area rather than on the granted estancias alone follows from the Spanish practice of grazing ungranted lands and crop stubble as commonage.15 Table 1 
